Appendix 2. Description of the Population Analysis (P. Wade)
Methods

The methods used arery similar to those in Atle (1994) and ®Wde (in press_a). &de
(1994) used an identical population model and nearly identical Bayesian methods to estimate
depletion leels of both northeasternfsifiore spotted dolphins and eastern spinner dolphins.
Wade (in press_a) contains a similar analysis of northeastshod spotted dolphins using
identical statistical methodsybwith a non-age-structured model.

Other analyses fitting population models to data using nearly identical statistical methods can
be found in @yloret al (1996), Viide (in press_b) andatfe (submitted). Somdat similar
Bayesian analyses of cetacean populations can be foundansgi al (1993, 1995), Raftergt
al. (1995), and Punt and Butteswth (1997). A similar fisheries assessment is McAllisteal.
(1994), and anwerview of Bayesian methods in fisheries assessment is Punt and Hilborn (1997).

Data

A population model &s projected from 1958 to 1998 and fit vaikable alnndance data.
Abundance estimates areadable from researchegsel sureys in ten years from 1979 to 1998.
Estimates used from 1979 to 1990 were froad®/(1994), with an additional estimataitable
for 1998 (Gerrodette, 1999). Indices ofindance from data collected on turssels (TDOD)
are ¥ailable for 23 years, from 1975 to 1997 (Angzzi and Buckland 1993, C. Lennert, pers.
comm.). Log-normal liglihoods were used for both series afiratiance estimates. The O
data were scaled to absoluteialance using a scale parameder

Fisheries mortality estimates aneadable for @ery year from 1959 to 1997 ¢ble A1 and
Table A2). Br both stocks, estimates for 1959-72 were froad®/(1995). & the northeastern
offshorespotteddolphin,estimategor 1973-199Averefrom the|ATTC. For theeasterrspinner
dolphin, estimates for 1973-1978 were frormién (1986), as modified inatfe (1993). Esti-
mates for 1979-1997 were from thelTRC. Estimates of fisheries mortality for 1998 are not yet
available;therefore mortalityin 1998wasassumedo be equalto mortalityin 1997,with asmall
amount of ariability (CV = 0.10) specified in this assumed 1998 mortality to account for uncer-
tainty in its actual keel. The sampling errors of the mortality estimates wssumed to be log-
normal. Additionally, the samplingerrorsof the mortality estimategrom 1959-72wereassumed
to becorrelatedbecausenortality-persetrateswerepooledacrosghattime period(Wadel1995).

Population model

The model used as an age-structured density-dependent model in the form of a Leslie matrix
(Breiwick et al. 1984). &ameters of the model were @nile surwal (s), adult surwal (sy),

maximum fecundity ratef{,,), age of seual maturity &snj, age of transition to adult suvail
(ia), maximum ageif), and equilibrium population siz&l{y). This model s identical to a

usualLesliematrix model,exceptthatthefecunditytermwasdensity-dependentith aform sim-
ilar to thegeneralized-logistiwith a shapgaramete(z) which determineshe maximumnetpro-
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Appendix 2 (continued).

ductvity level:
ft = fO+(fmax O)%L tDZD (1)

wheref; = the realized fecundity in yeaf,,5,= the maximum fecundity rate, afp= fecundity
at a net recruitment of zero, which can be edldirectly from the other parameters (Breiwick et
al. 1984).

The population \&s projected as
Niyq1 = AN =M, (2)

whereN; = vector of population size of each age class at tjrAg= the Leslie matrix in yedr
andM, = vector of age-specific additional mortality at titneThe maximum population gnah
rate(r a0 WascalculatedasA a1, wherei o wasthe A associateavith the Leslie matrix with
fecundity equal tdy, 5

Thepopulationsizewasassumedo beequalto Neyin 1958,andto bein thestableagedistribu-
tion associated with the equilibrium Leslie matrix (where the fecundity r@teequal tdy, the

fecundityrateatequilibriumor zeropopulationgrownth). In eachyear (1) the populationwaspro-
jected using the model, (2) the additional mortalipswgubtracted, and (3) the model population
size was compared to the ahdance data (ifvailable in that year).

Difference in the population gwth rate

An additionalparamete(u) wasestimatedepresenting potentialdifferencein the population
growth rate from 1992 to 1998 refati to 1975-1991. After estimatimg,,,from the abbndance
data from 1975-1991, the populatioasmthen projected on through 1998 with theeeted real-
izedgrowth rate,giventheestimatednodelparametersandestimatediepletionlevel (population
level relative toNg). Any difference between theqgected model trajectory and the estimated
1992-1998 population trajectory (as fit to the 1992-199dance data) represents an estimate
of achangen the populationgrowth rate. An additionalparametefu) wasspecifiedo represent
this potentialchangdrom the expectedpopulationgrownth ratefrom 1992to 1998,actingthrough
additionalmortality (mortality in additionto thatdueto parameters; ands,). In themodeltrajec-
tory, prior to 1992, additional mortalityas from only the estimated fisheries mortalilty 1992
andlateryearsadditionalmortality wasequalto M; + uN;, whereM; wasthe obsenedestimated
mortality in yeart, andN; wasthe modelpopulationsizein yeart. Thereforey representanesti-
mate of the dierence between thegected population gvath rate and the obsexst population
growth rate in the years 1992-1998. A total additional mortality rake ealculated g = (M,
+ UNp)/Ng = (M /Np) + .
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Appendix 2 (continued).

The estimation of 4, from the abindance data from 1975-1991, and then the estimatipn of
conditioned on that estimate 1gf,,, could be done sequentially indwgeparate steps. Wever,

it was simpler to estimate both in a single analysis, by projecting the population model through
1998,andincludingthecontritutionsto thelik elihoodfrom the 1992-199&kundancalatato the
total likelihood.

Age-specific selectivities

Age-specific seleatities were calculated using an itevaticorvergence routine, such that the
age structure of the fisheries mortality in 1986wqual to the smoothed obszhage distrib-
tion of the kill from 1974-1992 skn in Wade (1994, Fig. 6.3).

Bayesian methods
The Bayesian joint posterior distution was approximated using the SIR routine (Smith and
Gelfand 1992). Prior distriltions were specified for the eight paramelys s, ., fmax 2,

asm a, andy (see belw). The parameteligs andiw were set to fizd \alues (see belg). Mar-
ginal probability distrilntions were calculated for all the estimated parameters. In past@ular
probability distrilution for the decision quantjtyhe ratiop/r,,,5x, Was calculated. The cumula-

tive probability this ratio &s greater than 1.0, 0.5, 0.25, and 0a% aiso calculated.

Likelihood function

The likelihood function for the parameters in a population modetnga time-series of ah-
dance estimates, were calculated according to the methods reported in de la Mare (19§6). In an
single yearthe likelihood of an obseed alundance estimatd,,,(t) given a specified model
population sizéNy,qqeft) is straight forvard; it is the likelihood function defined by the assumed
samplingdistribution of theabundancesstimate. The samplingdistribution of theabundanceesti-
mates vas assumed to be a Log-normal disttibn with point estimat®lp,,(t):

_l-dn Nabun(t) =In Nmodel (t)Dz
1 20 a(t) O

e (3)
J2mao(t)
o wasapproximatedby the CV of thealundanceestimatan yeart. FortheTVOD, theparameter

awasusedto scalethemodelabundancao the TVOD data. Thereforethelikelihoodfor TVOD
data vas

L(Nabun(t) | I\Imodel (t)’ 0('[)) =

_l-ljn Nyop (t) = (IN(& DN oger (1))
1 20 a(t) 0

e (4)
J2ma(t)
The total likelihood gven the data is the product series of all theviddil likelihoods.

L(N1vop(t)[Nmogel (1), 0(t), @) =
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Prior distributions

Priordistributionswerespecifiedor theeightfundamentaparametersf themodel(TableA3).
Estimates of the age ofxaeal maturity and calving inteaV for spotted dolphins are in Myriek
al. (1986). Although these estimates were made for theguestock definition, the northern
offshorestock,a checkof locationrecordsconfirmedthatnearlyall examinedanimalswerefrom
within the northeastern stock area, as well (Sv€&Bi pers. comm., as cited iradé 1994).
Myrick et al. (1986) reports tw estimates ohsm 10.7 (95% CI 10.36, 11.04) and 12.2 (11.76,
12.64), corresponding to estimated ages from teeth readolyifferent people. These twesti-
mates were combined into a single disttibn cosering the gtremes of the tw intenals, gving
an estimate of 11.45 (10.36, 12.64), using a normal disitribbas a lage sample approximation.

Myrick etal. (1986)estimatehepregnangy rateat0.33,correspondingo acalvinginterval of 3
years. Thiscorrespondso afecundityrateof 0.167femalesperfemale. Thiscansene asalower
boundto amaximumfecundityrate. Lactationhasbeenestimatedo beatleastl year(Perrinand
Hohn,1994). Only asmallfractionof maturefemaleq6%) have beenfoundto besimultaneously
lactating and pignant (Chvers and Myrick 1993), suggesting a one-year calving iatésv
implausible. Ofshore spotted dolphins in the eastern tropiealifit have only a weak seasonal
signal in birth-pulse, so a minimum calving inta@rless than 2 years is plausible. 1.5 yeas w
chosermasareasonabléwer boundon calvingintenal, correspondingo anupperboundon max-
imum fecundityof 0.333femalegperfemale. Thereforeauniform prior from 0.167to 0.333was
specified for the maximum fecundity rate.

No dataareavailableonspotteddolphinsurvival ratesin theeasterrropicalPacific. A uniform
prior on 0.80to 0.98wasspecifiedfor thejuvenilesurvival rate. Theageof transitionto theadult
survival rate vas fixed at 9 (the ninth age class), and the maximum age ctasspecified as 40
(theoldestagedanimalwas39yearsold, ChiversandMyrick 1993). A uniform prior distribution
for adultsurvial, in combinationwith theabove specifiedprior distributions,resultsin animplied
prior distritution forr 5 that is not uniform, it is heaily weighted to ery low values belw
0.01. rpyaxWas one of the output quantities of interest, anch# wonsidered better tovsaa
nearly non-informatie prior specified for it. Therefore, a truncated normal digioh with
mean0.991,s.e..02,wasspecifiedor s, whichresultsin aprior distribution for r,,,thatis nearly
uniform. It was truncated at 0.998, creating a prior distrdn for s, that was essentially half-
normal. This is in &eping with the general understanding that lomgdimammals that become
sexually mature at 11 yearsould be &pected to hee high adult surval rates.

A uniform prior was specified foNgq from 2300. to 5900. This rangeasspecified as there
was virtually zero posterior probability fblq at either end of this range. A uniform prior distri-
bution was specified foz from 1.0 to 11.2, corresponding to maximum net prodifgtievels
(MNPL) in ageneralizedogistic modelfrom 50%to 80%of N, whichis considered plausible
range for MNPL in marine mammalsaiflor and DeMaster 1993). A uniform prioasvalso
specified for the T@D scale parametarand for the paramet@rsuch that there &s virtually
zero posterior probability at either end of the specified ranges.
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Prior distributions were similarly set for the eastern spinner dolprabl€TA3). asmhas been
estimated to be approximately 10 years (Sv@isi pers. comm., as cited iraé 1993). No
standard error &s gven, lut the methods were similar to those used for spotted dolphins in
Myrick et al (1986). A conseative standard error of 1.0as assumed, approximately twice as
largeasthe standarderrorresultingfor the estimateor spotteddolphins. Calvinginterval in spin-
ner dolphins has similarly been obseahto be 3 years (Perrin and Gilpatrick 1994), so identical
values were used fdy,,, Because of the youngasm a slightly laver prior distrilution fors,
was specified, a&in to gve a relatrely non-informatve prior distritution forr,,, The age of
transitionto theadultsurvival ratewasfixedat 8 (theeightageclass)andthemaximumageclass
was specified as 40.

The decision criteria werepressed in terms of the parameters or output quantities of the pop-
ulation model. Theseales for the decision criteria thresholds are specifiedbfeTA4.

Results

Northeastern d§hoe spotted dolphin

Estimate®f theeightparameterfrom theanalysisof northeasteroffshorespottedarein Table
A5. Estimate®f the outputquantitiesof interestwhich arefunctionsof theeightparametersare
alsopresentedh TableAS5. Thepointestimateof r,,4is 0.015,0r aboutl.5%populationgrowth

per year The point estimate @f is 0.038, or 3.8% of the population per ye@ihe quantityst,

whichincludestheestimatedbsenredfisheriesmortality, is slightly higherat4.1%. Becauseu is
greaterthanr 5, thisimpliesthatthe populationdeclinedfrom 1991to 1998,which canbeseen

from a comparison of the posterior means for population size in those yearse(s228.582.),
and from the trajectory itself (Fig. 1). This decline is consistent with tf@D0'¥end datawer
this time period.

The decision criteria probabilities are presentedhibld A6. Each of these probabilities
exceedghespecifiedacceptabléevelsof 0.01,0.05,and0.50. Thereforethedifferencebetween
the xpected and obsesd population gneth rate from 1992-1998 is considered to be too high.

Eastern spinner dolphin

Estimatef the eightparameterandoutputquantitiesfrom theanalysisof the easterrspinner
dolphin are in @ble A7. The point estimate gf,,,andp are nearly the same (0.01&rsus
0.016). The point estimate of the quanfify; (0.017), which includes the estimated obsdrv
fisheries mortalityis identical to the estimate gf,,, However, the distrilution for po has a
longer tail at the upper end, meaning that there is substantial probabiliythsigreater than
'max Because estimatedliues ofyy are similar to estimatedilues forr ., this implies that

thepopulationwasnearlystableor slightly declinedfrom 1991to 1998,which canbeseenfrom a
comparison of the posterior means for population size in those years €636 623.) and from
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Appendix 2 (continued).

the trajectory (Fig. 2). Agn, this result is consistent with the @ trend data\eer this time
period.

The decision criteria probabilities are presentechibld A8. Each of these probabilities
exceedghespecifiedacceptabléevelsof 0.01,0.05,and0.50. Thereforethedifferencebetween
the xpected and obsesd population gneth rate from 1992-1998 is considered to be too high.
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Table A1. Northeasternfshore spotted dolphin. Mortality is the estimated fisheries mortality in each year
(mortality in 1998 vas assumed to be equal to mortality in 1997)urfslance is the estimateduslolance in each of
10 years from researclessel surgys. TVOD is the estimated trend inda each of 23 years from tunassel
obserer data. CV is the cd#dient of \ariation of each estimate.

Year Mortality CVv Abundance Ccv TVOD Cv

1959 15900. 0.530

1960 344000. 0.520

1961 366000. 0.480

1962 141000. 0.420

1963 158200. 0.360

1964 272300. 0.280

1965 318500. 0.290

1966 244100. 0.220

1967 171800. 0.230

1968 161200. 0.220

1969 271500. 0.220

1970 218700. 0.220

1971 111300. 0.220

1972 168100. 0.170

1973 49900. 0.180

1974 37400. 0.110

1975 49400. 0.180 1539000. 0.19
1976 20400. 0.230 1581000. 0.20
1977 5900. 0.120 1523000. 0.17
1978 4200. 0.200 1187000. 0.19
1979 4800. 0.170 1031000. 0.36 1432000. 0.20
1980 6500. 0.150 438000. 0.46 1348000. 0.19
1981 8100. 0.190 976000. 0.12
1982 9300. 0.170 608000. 0.34 1054000. 0.14
1983 2400. 0.270 937000. 3.59 532000. 0.22
1984 7800. 0.190 1027000. 0.23
1985 26000. 0.120 1394000. 0.13
1986 52000. 0.160 318000. 0.28 1401000. 0.13
1987 35400. 0.120 490000. 0.22 1067000. 0.06
1988 26600. 0.100 1220000. 0.31 1159000. 0.12
1989 28900. 0.110 1445000. 0.26 1188000. 0.11
1990 26600. 0.110 407000. 0.46 1072000. 0.07
1991 9000. 0.110 1174000. 0.08
1992 4600. 0.070 1282000. 0.07
1993 1143. 0.080 911000. 0.08
1994 935. 0.070 895000. 0.07
1995 952. 0.000 913000. 0.07
1996 818. 0.000 910000. 0.06
1997 721. 0.000 927000. 0.06
1998 721. 0.100 1011000. 0.26
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TableA2. Easterrspinnerdolphin. Mortality is the estimatedisheriesmortality in eachyear(mortalityin 1998was
assumed to be equal to mortality in 1997).uAdtance is the estimateduaidlance in each of 10 years from research
vessel surgys. TVOD is the estimated trend indian each of 23 years from tunassel obsemr data. CV is the
coeficient of ariation of each estimate.

Year Mortality Cv Abundance CcVv TVOD CcVv

1959 6500. 0.470

1960 138400. 0.470

1961 153500. 0.430

1962 62200. 0.400

1963 69400. 0.370

1964 112700. 0.340

1965 132500. 0.340

1966 107800. 0.330

1967 72200. 0.330

1968 65700. 0.330

1969 110400. 0.350

1970 104500. 0.330

1971 60100. 0.320

1972 88500. 0.320

1973 18400. 0.160

1974 17800. 0.110

1975 17100. 0.110 670000. 0.43
1976 14700. 0.120 544000. 0.34
1977 1800. 0.120 494000. 0.28
1978 1100. 0.110 428000. 0.36
1979 1500. 0.240 409000. 0.43 323000. 0.57
1980 1100. 0.200 312000. 2.38 381000. 0.31
1981 2300. 0.280 222000. 0.54
1982 2600. 0.330 146000. 0.76 212000. 0.48
1983 700. 0.380 583000. 1.61 410000. 0.32
1984 6000. 0.520 375000. 0.37
1985 8900. 0.160 587000. 0.23
1986 19400. 0.190 378000. 0.53 590000. 0.20
1987 10400. 0.110 505000. 0.41 363000. 0.28
1988 18800. 0.090 1067000. 0.37 717000. 0.15
1989 15200. 0.110 855000. 0.49 389000. 0.18
1990 5400. 0.180 320000. 0.59 358000. 0.21
1991 5900. 0.130 358000. 0.18
1992 2794, 0.060 410000. 0.22
1993 821. 0.080 295000. 0.18
1994 743. 0.110 408000. 0.21
1995 654. 0.000 538000. 0.15
1996 450. 0.000 483000. 0.29
1997 391. 0.000 439000. 0.29
1998 391. 0.100 1158000. 0.34
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Table A3. Prior distribtions for the parameters. Unif is a uniform disttibn, Nrml is a normal distriltion, trunc

is truncated.

Parameter northeastern spotted eastern spinner
Negq Unif(2300, 5900.) Unif(500, 3300.)
Sy Nrml(0.991, .02), trunc(0.92, 0.998) Nrml(0.99, .02), trunc(0.92, 0.995)
S Unif(0.80, 0.98) Unif(0.80, 0.98)
fmax Unif(0.167, 0.333) Unif(0.167, 0.333)
z Unif(1.0, 11.2) Unif(1.0, 11.2)
asm Grouped Nrml(11.45, 0.56) Grouped Nrml(10.0, 0.1)
a Unif(0.90, 2.15) Unif(0.3, 1.2)
Il Unif(0.0, 0.1) Unif(0.0, 0.08)
ia 9 8
iw 40 40

Table A4. Decision criteria thresholdg.is the diference in the obseed population gneth rate from 1992-1998
from the &pected rate as estimated from 1975-199indbnce datar,,,4iS the maximum population guth rate,
estimated from the fit of the model to the 1975-199inhdbnce datapu is considered unacceptable ifyasf these
conditions are met.

(1) Prob(1 > rpa >0.010
(2) Probf1 > 0.5% 1,20 > 0.050
(3) Prob1 > 0.25% 12 > 0.500

Table A5. Rrameters and output quantities for the northeéstiarfe spotted dolphin. Mean is the mean of the
posteriordistribution. 2.5thand97.5tharetherespectre percentilesf the posteriordistribution. Neq, Ng1 , andNgg
are all in thousands of animals.

Parameter Mean 2.5th 97.5th
Neg 4039. 3063. 5164.
Sy 0.987 0.962 0.998
S 0.868 0.819 0.921
fmax 0.236 0.170 0.323
z 5.57 1.14 10.87
asm 11.65 11.00 13.00
a 1.502 1.224 1.823
v} 0.038 0.015 0.062
Output quantities Mean 2.5th 97.5th
Ng1 722. 581. 886.
Nog 582. 468. 729.
Ngg/K 0.148 0.108 0.195
F max 0.015 0.004 0.027
MW max 2.948 1.453 6.102
Mot 0.041 0.017 0.066
Miot/" max 3.152 1.544 6.512
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Table A6. Decision criteria probabilities for the northeafsthafre spotted dolphin.

(1) Prob(1 > rpa0 =0.996
(2) Prob(1 > 0.5* 1,5 =0.9988
(3) Prob(1 > 0.25% ,ax) =0.9994

Table A7. Rrameters and output quantities for the eastern spinner dolphin. Mean is the mean of the posterior
distribution. 2.5th and 97.5th are the respecpercentiles of the posterior distrifon. Ngg, Ng;, andNgg are all in
thousands of animals.

Parameter Mean 2.5th 97.5th
Neg 1913. 1348. 2557.
S; 0.976 0.947 0.994
S 0.848 0.803 0.923
fmax 0.240 0.170 0.323
z 5.82 1.20 10.91
asm 10.07 8.00 12.00
a 0.725 0.517 0.998
vl 0.016 0.001 0.052
Output quantities Mean 2.5th 97.5th
Ng1 636. 443. 882.
Nog 623. 420. 891.
Ngg/K 0.340 0.215 0.524
I max 0.017 0.003 0.036
MW max 1.482 0.041 5.155
Mot 0.017 0.001 0.055
Miot/" max 1.582 0.078 5.463

Table A8. Decision criteria probabilities for the eastern spinner dolphin.

(1) Prob{t > rpa0 = 0.440
(2) Probft > 0.5% 129 =0.690
(3) Prob(1 > 0.25% 1129 =0.848
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Figure 1. Model population trajectory andualdance data for the northeasterfstodre spotted dolphin. Median
modeltrajectoryis themedianmodelpopulationsizein eachyearfrom theposteriodistribution. Expectedrajectory
is the expected model trajectory usimg,, estimated from 1975-91 data, witet to 0.0. Abndance estimates are
theresearclvessebhundanceestimates.ScaledTVOD arethe TunaVesselObserer Datatrendestimatesscaledo
absolute abndance by the estimated parameter
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Figure2. Modelpopulationtrajectoryandatundancedatafor the easterrspinnerdolphin. Medianmodeltrajectory
is the median model population size in each year from the posteriorudistiib Expected trajectory is thepected
model trajectory using,axestimated from 1975-91 data, with set to 0.0urdance estimates are the reseassh v

sel alundance estimates. ScaledQl are the Tina \éssel Obsepr Data trend estimates, scaled to absoluie-ab
dance by the estimated parameter
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